ABSTRACT To examine prospectively dietary fiber calculated from food composition values based on analytic techniques and specific dietary fiber types in relation to risk of diverticular disease, we analyzed data from a prospective cohort of 43,881 U.S. male health professionals 40-75 y of age at base line; subjects were free of diagnosed diverticular disease, colon or rectal polyps, ulcerative colitis and cancer. The insoluble component of fiber was inversely associated with risk of diverticular disease relative risk (RR) Å 0.63, 95% confidence interval (CI), 0.44-0.91, P for trend Å 0.02, and this association was particularly strong for cellulose (RR Å 0.52, 95% CI, 0.36-0.75, P for trend Å 0.002). The association between diverticular disease and total dietary fiber intake calculated from the AOACstandards method was not appreciably different from results using the Southgate or Englyst method [for AOAC method, RR Å 0.60, 95% CI, 0.41-0.87; for Southgate method, RR Å 0.61, 95% CI, 0.42-0.88; for Englyst method, RR Å 0.60, 95% CI, 0.42-0.87, for the highest quintiles]. Our findings provide evidence for the hypothesis that a diet high in dietary fiber decreases the risk of diverticular disease, and this result was not sensitive to the use of different analytic techniques to define dietary fiber. Our findings suggest that the insoluble component of fiber was significantly associated with a decreased risk of diverticular disease, and this inverse association was particularly strong for cellulose. J. Nutr. 128: 714-719, 1998. 
Diverticular disease is one of the most common disorders
Burkitt 1975). The dietary fiber hypothesis is supported by of the colon among the elderly in Western societies (Walters human (Brodribb and Humphreys 1976 , Findlay et al. 1974 , and Smith 1990 . In North America, diverticular disease is Gear et al. 1979 , Leaky et al. 1985 , Manousos et al. 1985 , estimated to occur in one third of all persons ú45 y of age, Miettinen and Tarpila 1978) and animal studies (Fisher et al. and in two thirds of all persons ú85 y of age (Roberts and 1985 , Hogdson 1972 , Jaskiewicz 1986 ). Previous case-control Veidenheimer 1990). In the great majority of cases, the condistudies have consistently found that patients with diverticula tion is asymptomatic (Schwartz and Graham 1988) , and only consumed less fiber than did nonpatients, and we observed between 10 and 25% of affected individuals develop symptoms similar findings, as well as a beneficial effect of physical activ- (Roberts and Veidenheimer 1990) . Symptomatic diverticular ity, in the prospective Health Professionals Follow-up Study disease results in 200,000 hospitalizations in the U.S. annually (HPFS) 5 (Aldoori et al. 1994 (Aldoori et al. , 1995a (Aldoori et al. and 1995b . Agreement (Thompson and Patel 1986) .
concerning the optimal methods for analysis of fiber subfracEarlier this century, diverticular disease was widely believed tions is still an extremly contentious area; however, we studied to be extremely rare and was regarded as a pathological curiosprospectively dietary fiber calculated from several analytic ity. This prompted Burkitt and Painter to call it ''a 20th centechniques and specific fiber types in our database to explore tury problem'' or ''a disease of Western civilization'' (Painter the relative predictiveness of the various fiber fractions to the and Burkitt 1971 and 1975) , in contrast to its rarity in many risk of symptomatic diverticular disease in the HPFS. developing countries (Painter 1985b ). This sharp contrast has been largely attributed to dietary changes, mainly in the de-SUBJECTS AND METHODS cline of dietary fiber intake from cereal grains (Painter and study began in 1986 when cohort members completed a detailed daily energy intake between 3.35 and 17.6 MJ (800 to 4200 kcal), or who left blank 70 or more food items on the dietary questionnaire food-frequency questionnaire and provided information about medical history, age, weight, height, smoking, alcohol consumption, physi-(0.5% of the participants). We also excluded men who reported diverticular disease before 1988, cancer (other than nonmelanoma cal activity and history of professionally diagnosed medical conditions. Every 2 y (1988, 1990 and 1992) , follow-up questionnaires skin cancer), colon or rectal polyps and ulcerative colitis at base line and at subsequent follow-up. After these exclusions, the base-line were sent to update information on potential risk factors and to identify newly diagnosed cases of various diseases.
population consisted of 43,881 men eligible for this analysis. In this population, we identified 362 newly diagnosed cases of symptomatic Dietary and physical activity assessment. To assess dietary intake, we used a semiquantitative food-frequency questionnaire that diverticular disease (Painter 1985a) . Of these, 271 had abdominal pain or change in bowel habits, 50 cases had blood in stool and 41 was validated in this cohort (Rimm et al. 1992) . The correlation between the diet records and the dietary questionnaire was 0.68 for cases had gastrointestinal bleeding as the major presenting symptom. We specifically used symptomatic diverticular disease as our primary total dietary fiber in our validation study. Also, there was a high degree of validity for foods that were the major contributors to total end point, to reduce the possibility of detection bias. Statistical analysis. Participants were categorized according to fiber intake (Feskanich et al. 1993) . The dietary questionnaire included 131 food items plus vitamins and mineral supplements that quintiles of fiber intake (soluble, insoluble, cellulose, hemicellulose and lignin). Follow-up time was calculated as the number of months collectively account for over 90% of the absolute intake of the major nutrients consumed by this population (Rimm et al. 1992) . The inbetween February 1, 1988 and the date of diagnosing diverticular disease, death or to January 31, 1992, whichever came first. The take of dietary fiber was computed by multiplying the consumption frequency of each food item by the fiber content of the specified relative risk (RR), the incidence among the men in different exposure categories divided by the corresponding rate in the reference category, portion. The values for dietary fiber were derived from food composition data tables based on the AOAC method (Prosky et al. 1984, was used as the measure of association (Rothman 1986) . Age-adjusted rates were calculated with the use of five-year categories (Rothman 1985 , Vollendorf and Marlett 1993 . We have also expanded our dietary fiber database to include dietary fiber content of 1986). The Mantel extension test (Kleinbaum et al. 1988 ) was used to evaluate linear trends across categories of different dietary fiber foods based on the work of Southgate and colleagues (Paul and Southgate 1978, Southgate et al. 1976) , as well as the Englyst method variables. In addition to the dietary variables mentioned, other potentially confounding variables were modeled with multiple logistic re- (Holland et al. 1991) . Data on soluble fiber, insoluble fiber, cellulose, hemicellulose and lignin were available directly from some manufacgression, which included age, physical activity and total fat (Aldoori et al. 1994 (Aldoori et al. , 1995a (Aldoori et al. and 1995b 
RESULTS
Dietary intake values were adjusted for total energy intake by using regression analysis (Willett and Stampfer 1986, Willett 1990) During 160,825 person-years of follow-up over a period of to focus on the composition of diets rather than on absolute intake, tion by serving size to total dietary fiber, soluble fiber, insoluble DISCUSSION fiber, hemicellulose, cellulose and lignin in this cohort.
We further explored the association between dietary fiber These prospective data support the hypothesis that high intake of dietary fiber reduces the risk of diverticular disease and the risk of diverticular disease by specific presenting symptoms. We observed a decreased risk of diverticular disease and suggest that the inverse relation is particularly strong for the insoluble component of fiber and most notably for celluamong cases in which symptoms were mainly abdominal pain and change in bowel habits (RR Å 0.63, 95% CI, 0.40-0.99).
lose. To our knowledge, different analytic definitions of dietary fiber or the assessment of specific fiber types has not been Similar inverse trends between dietary fiber and diverticular disease were observed among the patients whose presenting considered in previous studies of diverticular disease. Earlier, we reported that fiber from fruit and vegetable symptoms were mainly bleeding or a positive fecal occult blood (RR for bleeding Å 0.61, 95% CI, 0.20-1.87; RR for positive sources, and not from cereal sources, was associated with a reduced risk of diverticular disease (Aldoori et al. 1994 ). Difecal occult blood Å 0.43, 95% CI, 0.17-1.10).
It has been suggested that the interpretation of epidemioetary fiber is often a mixture of soluble and insoluble fiber (Bennett and Creda 1996) . In our data, the insoluble compologic studies of fiber-disease association is limited because different analytic techniques have been used to define dietary nent of fiber was significantly associated with a decreased risk of diverticular disease, and this association was particularly fiber. However, in our data, results using total fiber intake calculated from the AOAC method were not appreciably difstrong for cellulose. Insoluble fiber is the major dietary fiber fraction, and overall, fruits and vegetables tend to be higher ferent from those using the Southgate or Englyst methods (for Southgate method, RR Å 0.61, 95% CI, 0.42-0.88; for Englyst in cellulose than cereals (Marlett 1992 , Slavin 1987 . This might partially explain the observed beneficial effect of fiber method, RR Å 0.60, 95% CI, 0.42-0.87, for the highest quintiles) (Table 4) .
from fruits and vegetables in our study. Cellulose comprises approximately one third or less of the total fiber in most foods lose appears in human feces (Topping and Illman 1986) . This indicates that insoluble fiber is fermented to some degree beexcept for legumes, in which it is about half (Marlett 1992) . In fruits and vegetables, cellulose represents an average of cause SCFA are not abolished when the diet contains only insoluble fiber such as cellulose or wheat bran (Topping 1991) .
30
/ and 50 / % of the insoluble fraction, respectively (Marlett 1992) .
Also, in an animal study, it was observed that insoluble fiber may modify the production of SCFA (Cheng et al. 1987 ). Soluble fiber is metabolized by colonic bacteria more than insoluble fiber, and hence has little effect on stool weight Agreement concerning an optimal method for analysis of fiber is an extremely contentious area. We recognize that for (Bennett and Creda 1996, Slavin 1987) . However, it has been suggested that fermentable fiber can increase fecal output by some types of fiber such as hemicellulose and lignin, there may be no current satisfactory data. However, in our analysis, we stimulating microbial growth, with the production of shortchain fatty acids (SCFA) and other products (Stephen and made the best attempt possible to use all available sources of fiber data. Intakes calculated with these data do provide probaCummings 1980). Luminal SCFA are recognized now as an important fuel source for the colon (Rabassa and Rogers 1992), bly the best biological test of the value of fiber; it is particularly useful to know the relative predictiveness of the various fiber particularly in the distal colon, which is the most common site for diverticular disease. However, this phenomenon is not fractions in relation to the risk of symptomatic diverticular disease. We acknowledge that it is possible that further imexclusive to soluble fiber, because some 60 / % of ingested cellu- Fiber intake is correlated with consumption of several mimen ¢40 y of age. Apart from reports of a higher preponderance of diverticular disease in women (Roberts and Veidencronutrients that may also be associated with lower risk of diverticular disease. Indeed, several such nutrients were inheimer 1990), we have no reason to believe that the association we observed in men would be different for women. Howversely related to the risk of diverticular disease. However, these inverse associations were no longer significant when each ever, future studies should explore any possible differences in the relations between total dietary fiber or its specific types of these nutrients was adjusted for other risk factors (Aldoori et al. 1994) . This attenuation was due primarily to the influand the occurrence of diverticular disease due to gender. Our findings provide evidence for the hypothesis that a diet ence of dietary fiber and to a lesser extent to physical activity, whereas the inverse association between dietary fiber and dihigh in dietary fiber decreases the risk of diverticular disease, and this result was not sensitive to the use of different analytic verticular disease was not appreciably altered. This emphasizes the importance of dietary fiber in the etiology of diverticular techniques to define dietary fiber. Our findings suggest that the insoluble component of fiber was significantly associated disease and suggests that this inverse association with diverticular disease is not explained by other nutrients in dietary fiber with a decreased risk of diverticular disease, and this inverse association was particularly strong for cellulose. sources. Our findings for dietary fiber and diverticular disease were not materially different using analytic techniques to ascertain dietary fiber. This argues that our dietary questionnaire ACKNOWLEDGMENTS discriminated and ranked participants according to their di- 
